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Polymer, Resist Composition and Patterning Process 

This invention relates to polymers suitable as the 
base resin in chemically amplified positive resist 
compositions used for micropatterning in a process for the 
fabrication of semiconductor devices. It also relates to 
chemically amplified positive resist compositions adapted 
for exposure to high-energy radiation such as deep-UV. KrF 
excimer laser light (248 nm) . ArF excimer laser light (193 
nm) . electron beams or x-rays and a process for forming a 
pattern - 
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While a number of recent efforts are being made to 
achieve a finer pattern rule in the drive for higher 
integration and operating speeds in LSI devices, the 
commonly used light exposure technology is approaching the 
essential limit of resolution determined by the light source 
wavelength. For the light exposure using g-line (436 nm) or 
i-line (365 nm) . a pattern rule of about 0.5 ^ is thought 
to be the limit. The LSI fabricated using such light 
exposure has a maximum degree of integration corresponding 
to 16 M-bit dynamic random access memory (DRAM) . However, 
the laboratory fabrication of LSI already reached this stage, 
and the development of a further micropatterning technology 

is in urgent demand. 

One means for reducing the pattern size is to reduce 
the wavelength of exposure light used in forming a resist 
pattern. For the mass production process of 256 M-bit DRAM 
(processing size up to 0.25 m ) . it is now under intensive 
consideration to replace i-line (365 nm) as the exposure 
light source by KrF excimer laser light of a shorter 
wavelength of 248 nm. However, for the fabrication of DRAM 
with a degree of integration of 1 G or more requiring a 



finer patterning technology (processing size up to 0.2 |im) , 
a shorter wavelength light source is required, and in 
particular, photolithography using ArF excimer laser light 
(193 nm) is now under investigation. 
5 Since H. I to. G. C. Willson et al of IBM proposed a 

chemically amplified positive resist composition comprising 
a resin in the form of polyhydroxystyrene having hydroxyl 
groups blocked with tert-butoxycarbonyloxy (tBOC) groups, 
that is poly(4-t-butoxycarbonyloxystyrene) (PBOCST) and a 
io photoacid generator in the form of an onium salt, a number 
of resist compositions having a high sensitivity and 
resolution have been developed. These chemically amplified 
positive resist compositions all have a high sensitivity and 
O resolution, but are difficult to form fine patterns with a 

5 15 high aspect ratio because the patterns' mechanical strength 



M' 8 is low. 
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A number of chemically amplified positive resist 
compositions using the above-mentioned polyhydroxystyrene as 
the base resin and having sensitivity to deep-UV, electron 
beams and x-rays are known in the art. These resist 
compositions, however, rely on the single-layer resist 
method although the bi-layer resist method is advantageous 
in forming a pattern with a high aspect ratio on a stepped 
substrate. These resist compositions are not yet 
practically acceptable because of the outstanding problems 
of substrate steps, light reflection from substrates, and 
difficulty of forming high-aspect ratio patterns. 

As is known in the art, the bi-layer resist method is 
advantageous in forming a high-aspect ratio pattern on a 
stepped substrate. It is also known that in order to 
develop a bi-layer resist film with a common alkaline 
developer, high molecular weight silicone compounds having 
hydrophilic groups such as hydroxyl and carboxyl groups must 
be used. 

Among silicone base chemically amplified positive 
resist compositions, recently proposed were those 
compositions comprising a base resin in the form of 
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polyhydroxybenzylsilsesquioxane. which is a stable alkali- 
soluble silicone polymer, in which some phenolic hydroxyl 
groups are blocked with tBOC groups, in combination with a 
photoacid generator (see JP-A 7-118651 and SPIE vol. 1925 
(1993), 377). Also JP-A 9-110938 discloses a silicone- 
containing polymer using a silicon-containing acrylic 
monomer . 

The silicon-containing polymer of the acrylic pendant 
type has the drawback that its resistance to dry etching 
with oxygen plasma is weak as compared with The 
silsesquioxane polymer. A low silicon content accounts for 
this weak dry etching resistance. The silicon-containing 
polymer of the siloxane pendant type has the drawback that 
it is repellent to developer and less wettable therewith. 
Then SPIE vol. 3678. pp. 214, 241, and 562 describes a 
polymer containing a monomer of the trisilane or tetrasilane 
pendant type having an increased silicon content and a 
silicon-containing substituent which can be eliminated with 
acid. However, since silane compounds of at least disilane 
exhibit strong absorption at the wavelength of ArF excimer 
laser, an increased introduction of such silanes undesirably 
leads to a lower transmittance . Besides, an attempt of 
introducing silicon into acid labile groups is reported in 
K SPIE vol. 3678. p. 420. Because of a low acid elimination 

ability, there are drawbacks including low environmental 
stability and a T-top profile. 

SUMMARY O F THR INVENTION 

An object of the invention is to provide a novel 
polymer which is useful as the base polymer in a chemically 
amplified positive resist composition having a high 
sensitivity and high resolution, especially suitable as a 
material for use in the bi-layer resist method adapted to 
form a high-aspect ratio pattern, and capable of forming a 
pattern having improved heat resistance. Another object of 
the invention is to provide a chemically amplified positive 
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resist composition comprising the polymer as the base resin, 
and a method for forming a pattern using the same. 

We have found that by incorporating silicon-containing 
substituent groups of the general formula (1) to be shown 
below, the silicon content of a polymer can be increased to 
an effective level to prevent the transmittance of ArF 
excimer laser light from lowering. The silicon -containing 
substituent group of formula (1) functions as an acid- 
eliminatable substituent group by substituting for the 
hydroxyl group on a carboxylic acid, alcohol or phenol, and 
especially the hydroxyl group of a phenol or carboxyl group 
as shown by the general formula (2) to (5) to be shown 
below. This substituent group has so high an acid 
eliminating ability that the environmental stability 
following exposure is improved and a T-top profile is thus 
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In a first aspect, the invention provides a polymer 
having silicon-containing groups of the general formula (1) 
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Herein R 1 to R 4 each are independently hydrogen or a 
straight, branched or cyclic alkyl group of 1 to 20 carbon 
atoms, or R 1 and R z , taken together, may form an aliphatxc 
hydrocarbon ring in which -CH 2 - may be substituted with a 
-Si(R 8 ) 2 - group, and R 3 and R\ taken, together, may form an 
aliphatic hydrocarbon ring in which -CH 2 - may be substituted 
with a -Si(R 8 ) 2 - group. R 5 to R 7 each are independently a 
straight, branched or cyclic alkyl or fluorinated alkyl 
group of 1 to 20 carbon atoms or aryl group of 6 to 20 
carbon atoms. R 8 is independently a straight or branched 
alkyl group of 1 to 4 carbon atoms, and m is 1 or 2 . 

Preferably, hydrogen atoms of hydroxyl groups on a 
carboxylic acid, alcohol or phenol are substituted with the 
silicon-containing groups of the general formula (1). 
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A preferred embodiment of the invention provides a 
polymer comprising recurring units of one of the general 
formulae ( 2 ) to ( 5 ) . 
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(3) 




^q^^s^-R 1 

R 1 R 2 R 7 
(4) 




(5) 



Herein R 1 to R 7 and m are as defined above. 



R 9 is hydrogen, a 
straight, branched or cyclic alkyl group of 1 to 20 carbon 
atoms, or CH 2 C0 2 R 12 . R 10 is hydrogen or a straight ^branched 
or cyclic alkyl group of 1 to 20 carbon atoms. R 11 is a 
straight, branched or cyclic alkylene group of 1 to 10 
carbon atoms. R 12 is hydrogen or a straight, branched or 
cyclic alkyl group of 1 to 20 carbon atoms, n is a number of 
0 to 5. p is a number of 1 to 5, each of q and r is 0 or 1. 

In a second aspect, the invention provides a 
chemically amplified positive resist composition comprising 
(A) the polymer defined above, (B) a photoacid generator, 
and (C) an organic solvent. Also contemplated herein is a 
chemically amplified positive resist composition comprising 
(A) the polymer defined above, (B) a photoacid generator, 
(C) an organic solvent, and (D) a dissolution rate inhibitor 
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having an acid labile group. The resist composition may 
further include (E) a basic compound. 

in a third aspect, the invention provides a process 
for forming a pattern, comprising the steps of applying the 
positive resist composition onto an organic film on a 
substrate to form a coating; prebaking the coating to form a 
resist film; exposing the resist film in a pattern circuit 
region to radiation; post-exposure baking the resist film; 
developing the resist film with an aqueous alkaline solution 
to dissolve away the exposed area, thereby forming a resist 
pattern; and processing the organic film with an oxygen 
plasma generated by a dry etching apparatus. 



pggrPTPTTO N op the PREFERRED EMBODIMENT 

The polymer or high molecular weight compound of the 
invention contains silicon-containing groups of the 
following general formula ( 1 ) . 
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Specifically, the inventive polymer has silicon- 
containing acid labile groups which exert the (5 -cation 
stabilizing effect of silicon substitution. These groups 
advantageously have an improved acid elimination ability and 
prevent the development of a T-top profile. Since silicon 
atoms are separated by carbon atoms, the formation of a 
disilane bond is precluded, eliminating the risk of lowering 
the transmittance to ArF laser light. 

In formula (1), R 1 to R 4 . which may be the same or 
different, are independently selected from hydrogen and 
straight, branched or cyclic alkyl groups of 1 to 20 carbon 
atoms, preferably 1 to 10 carbon atoms, and more preferably 
1 to 6 carbon atoms. Examples of suitable straight, 
branched or cyclic alkyl groups include methyl, ethyl. 
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propyl, isopropyl, n-butyl. isobutyl, tert -butyl, pentyl, 
cyclopentyl, hexyl, octyl, decyl, and dodecyl. 
Alternatively, a pair of R 1 and R 2 or a pair of R 3 and R\ 
taken together with the carbon atom to which they are 
bonded, may form an aliphatic hydrocarbon ring having 4 to 
20 carbon atoms, preferably 6 to 15 carbon atoms, and more 
preferably 6 to 10 carbon atoms. In this case, each of R 1 
and R 2 or each of R 3 and R 4 may be a straight, branched or 
cyclic alkylene group represented by -(CH 2 ) X - wherein x is 
selected so as to form an aliphatic hydrocarbon ring having 
a carbon number in the above range. Some or all of the -CH 2 - 
groups may be substituted with -Si(R 8 ) 2 - groups wherein R 8 is 
independently a straight or branched alkyl group of 1 to 4 

carbon atoms . 

r 5 to R 7 , which may be the same or different, are 
m independently selected from straight, branched or cyclic 

U) alkyl or fluorinated alkyl groups of 1 to 20 carbon atoms, 

jfr preferably 1 to 10 carbon atoms, and more preferably 1 to 6 

if! carbon atoms, and aryl groups of 6 to 20 carbon atoms. 

preferably 6 to 16 carbon atoms, and more preferably 6 to 12 
carbon atoms. Exemplary alkyl groups are as enumerated 
fij above. Suitable fluorinated alkyl groups include the 

y foregoing alkyl groups in which some or all of the hydrogen 

P atoms are replaced by fluorine atoms, for example, 

difluoromethyl, 2 . 2-dif luoroethyl . 2 , 2 . 2-trif luoroethyl , 
3,3,3-trifluoropropyl, 2 , 2 , 3 , 3- tetraf luoropropyl and 
2.2,3,3.3-pentafluoropropyl. Examples of suitable aryl 
groups include phenyl, tolyl, xylyl and naphthyl. The 
letter m is 1 or 2 . 

Preferably, the silicon -containing groups of the 
general formula (1) are included as having substituted for 
hydrogen atoms of hydroxyl groups on a carboxylic acid, 
alcohol or phenol. In this regard, the polymer of the 
invention is preferably defined as comprising recurring 
35 units of any one of the general formulae (2) to (5). 
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Herein R 1 to R 7 are as defined above; R 9 is hydrogen, a 
straight, branched or cyclic C x . 20 alkyl group, or CH 2 CO z R 12 ; 
R 10 is hydrogen or a straight , branched or cyclic C^ 20 alkyl 
group; R 11 is a straight, branched or cyclic C,.^ alkylene 
group; R 12 is hydrogen or a straight, branched or cyclic C,. 20 
alkyl group; m is 1 or 2. n is a number of 0 to 5, p is a 
number of 1 to 5. each of q and r is 0 or 1 . 

Examples of the C,. i0 alkyl group are as enumerated 
above, with those groups having 1 to 15 carbon atoms, 
especially 1 to 6 carbon atoms being preferred. Examples of 
C 110 alkylene groups include methylene, ethylene, propylene, 
butylene. pentylene , cyclopentylene , hexylene. cyclohexylene 
and octylene, with those groups having 1 to 6 carbon atoms, 
especially 1 to 3 carbon atoms being preferred. 

Illustrative examples of the recurring units having 
silicon-containing acid labile groups of formulae (2) 
through (5) are given below. It is noted that Me is methyl 
and Et is ethyl. 
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The silicon-containing polymer of the invention, which 
includes recurring units having silicon-containing 
substituent groups of acid-eliminatable nature, may further 
include additional recurring units having acid-eliminatable 
substituent groups for the purpose of enhancing the 
contrast. Like the silicon-containing acid-eliminatable 
substituent groups , these groups are preferably incorporated 
as having substituted for hydrogen atoms of hydroxyl groups 
on a carboxylic acid, alcohol or phenol. Thus the 
additional recurring units are preferably any one of the 
following units. 






(2A) 



(3A) 



(4A) 



(5A) 



Herein R e is an acid-eliminatable substituent group, R 9 , R 10 . 
R 11 , n and r are as defined above. 

The acid-eliminatable substituent groups, also 
referred to as acid labile groups, may be selected from a 
variety of such groups, and preferably from among groups of 
the following formulae (26) and (27). tertiary C 4 . 40 alkyl 
groups of the following formula (28), and oxoalkyl groups of 
4 to 20 carbon atoms . 



— (ch 2 ; 




(26) 



(27) 



(28) 
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in formula (26). R 13 is a tertiary alkyl group of 4 to 
20 carbon atoms, preferably 4 to 15 carbon atoms, an 
oxoalkyl group of 4 to 20 carbon atoms, or a group of 
formula (28). Exemplary tertiary alkyl groups are tert- 
butyl, tert-amyl. 1 . 1-diethylpropyl . 1-ethylcyclopentyl, 1- 
butylcyclopentyl, 1-ethylcyclohexyl, 1-butylcyclohexyl, 1- 
ethyl-2-cyclopentenyl. l-ethyl-2-cyclohexenyl, and 2 -methyl - 
2-adamantyl. Exemplary oxoalkyl groups are 3-oxocyclohexyl, 
4-methyl-2-oxooxan-4-yl. and 5-methyl-5-oxooxolan-4-yl. 
Letter "a" is an integer of 0 to 6 . 

In formula (27), R 14 and R 15 are hydrogen or straight, 
branched or cyclic alkyl groups of 1 to 18 carbon atoms, 
preferably 1 to 10 carbon atoms. Exemplary alkyl groups 
include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec- 
butyl, tert -butyl, cyclopentyl, cyclohexyl, 2-ethylhexyl , 
and n-octyl. R 16 is a monovalent hydrocarbon group of 1 to 
18 carbon atoms, preferably 1 to 10 carbon atoms, which may 
contain a hetero atom such as oxygen, examples of which 
include unsubstituted straight, branched or cyclic alkyl 
groups and straight, branched or cyclic alkyl groups in 
which some hydrogen atoms are replaced by hydroxyl. alkoxy. 
oxo. amino, alkylamino or the like. Illustrative examples 
are the substituted alkyl groups shown below. 

— (CH 2 ) 4 — OH (29) — (CH 2 ) 2 0(CH 2 ) 3 CH 3 (30) 




H 2 OH (31) — (CH 2 ) 2 0(CH 2 ) 2 OH (32) 
(33) — CH 2 



— (CH 2 ) 6 — OH W —'-"a V/O (34) 

A pair of R 14 and R 15 , R 14 and R 16 , or R 15 and R 16 may form 
a ring. Each of R 14 , R 15 and R 16 is a straight or branched 
alkylene group of 1 to 18 carbon atoms, preferably 1 to 10 
carbon atoms when they form a ring. 

Examples of the acid labile groups of formula (26) 
include tert-butoxycarbonyl , tert-butoxycarbonylmethyl . 



tert-amyloxycarbonyl, tert -amyloxycarbony lmethyl , 1.1- 
diethylpropyloxycarbonyl , 1.1- die thy lpropyloxycarbony lmethyl . 
1-ethylcyclopentyloxycarbonyl, 1-ethylcyclopentyl- 
oxycarbony lmethyl, l-ethyl-2-cyclopentenyloxycarbonyl, 1- 
ethyl- 2 -cyclopentenyloxycarbony lmethyl , 1-ethoxyethoxy- 
carbony lmethyl. 2-tetrahydropyranyloxycarbonylmethyl. and 2- 
tetrahydrof uranyloxycarbony lmethyl groups . 

Of the acid labile groups of formula (27). the 
straight and branched ones are exemplified by the following 
groups . 

CH 2 — O— CH 3 CH 2 — 0-CH 2 -CH 3 CH— O— (CH 2 ) 2 -CH 3 

CH 3 

CH— O— (CH 2 ) 3 -CH 3 CH 2 — O— CH— CH 3 



CH 3 

CH 2 — O — C— CH 3 

CH 3 

CH 3 
I 3 
CH 2 

CH— O— CH 3 



CH 3 

-CH— O— CH 3 



CH 3 
(CH 2 ) 2 
CH— O— CH, 



CH 3 

CH — O — CH 2 — CH 3 



CH 3 
I 

CH 2 

CH— O — CH 2 — CH 3 



CH 3 

CH— O— (CH 2 ) 3 -CH 3 

CH 3 
I 

CH 2 



CH 3 
I 3 

— CH— O— (CH 2 ) 2 -CH 3 

CH 3 
I 

CH 2 



CH— O — (CH 2 ) 3 -CH 3 CH — O — (CH 2 ) 2 -CH 3 



CH 3 
(CH 2 ) 2 

CH— O— (CH 2 ) 3 -CH 3 

CH— O ( J 

CH 3 

C— O— CH 3 

CH 3 



CH 3 
(CH 2 ) 2 

CH— O — (CH 2 ) 2 -CH 3 



CH 3 
CH— O- 




CH 3 
I 

C— O — CH 2 — CH 3 
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CH 3 
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Of the acid labile groups of formula (27), the cyclic 
ones are. for example, tetrahydrofuran-2-yl, 2-methyltetra- 
hydrofuran-2-yl. tetrahydropyran-2-yl. and 2-methyltetra- 
hydropyran-2-yl. Preferred among the groups of formula (27) 
are ethoxyethyl. butoxyethyl and ethoxypropyl . 

In formula (28), R 17 , R 18 and R 19 are independently 
monovalent hydrocarbon groups, for example, straight, 
branched or cyclic alkyl groups of 1 to 20 carbon atoms, 
which may contain a hetero atom such as oxygen, sulfur, 
nitrogen or fluorine. A pair of R 17 and R 18 . a pair of R 17 and 
R 19 , or a pair of R 18 and R 19 , taken together, may form a 
ring . 

Examples of the tertiary alkyl group represented by 
formula (28) include tert-butyl. triethylcarbyl . 1-ethyl- 
norbornyl. 1-methylcyclohexyl , 1-ethylcyclopentyl. 2- (2- 
methyUadamantyl, 2- ( 2-ethyl)adamantyl . and tert-amyl. 

Other illustrative examples of the tertiary alkyl 
group are given below as formulae (35) through (50). 




(35) 



(36) 



(37) 



(38) 



R 



20 



21 



R 



21 



(39) 




(40) 





(41) 



(42) 




(43) 



(44) 



R 20 R 22 
(45) 




(46) 




(47) 




(48) 




(49) 
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Herein R 20 and R 21 each are a straight, branched or 
n n of 1 to 6 carbon atoms, for example. 

monovalent C. hy.rocar.cn group which may be 

♦™ with the hydrocarbon being typically alkyl. 
hetero atom, with the nya nlt rogen atom, which 

The hetero atom is an oxygen. sulfur or nitrog 
is contained or intervenes in the form of -OH OR. 

liKyi gloup ^ 1 to ao carbon atoms, and especially 1 to 16 

carbon atoms. . n =>i voxv or 

=,„ aitvl hvdroxyalkyl . aixoxy Ul 
r» is hydrogen or an alky J- , nyu * 

^ i to 20 carbon atoms, especxally 1 to 
alkoxyalkyl group of 1 to 20 ca branc hed or cyclic. 

16 carbon atoms, which may be straight, d 

Illustrative examples include methyl, hydroxymethyl . ethy 
I Methyl, propyl, isopropyl. n-butyl. se* ^ 
pentyl. n-hexyl. methoxy. methoxymethoxy . ethoxy, 

butOXy * \ a i-n ?o carbon atoms include 3- 

The oxoalkyl groups of 4 to 20 caroon 

oxocyclohexyl and groups of the following formulae. 

-6 




(51) (52) 



For improving adhesion, the polymer may additionally 

^ lM =t one type containing a 
include recurring units of at least one typ 

are enumerated below. 



r.r.«r,.-=:.r r,~ :r,." m ». - ... 

given below. 
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(Si-1) 



(Si-2) 





(Si-3) 




(Si-4) 



.^°-si /0 ^si /0 ^sr Me 

Me' Me Me Me Me Me Me Me 
(Si-5) 

■ tf „ defined above and Me is methyl. 
Herein R is as def i conventlo nal manner by 

The polymer is prepared in ^ 

furnishing P-e.ermi- • - . 

sill con-containmg group o Qf ^ formulae 

monomer or monomers - - g^ ^ ^ 

t2) through «„ 2*; n Z°TZ mulae ,2») to ,5A) . a monomer 
capable of forming units or £ornra i a e (53) to 

or monomers capable of forming units of ^ ^ 

(90) and :;r: - ^^r—— « - ~ 

formulae (Si-D to 



.^alvst and effecting polymerization reaction 
adding a ^11^2 if necessary . The polymerization 
wh ile heating or co °^ 9 ini tiator (or catalyst), 

reaction depends on the type or in _ . and 

M . nht heat radiation or plasma), ana 
triqqer means (light, neat, j-au 

• fl tion conditions (including temperature, pressure. 

r 0 r; t rr; -~* - — ,. c ;r;rr - « 

4= 4->, 0 inventive polymer are a radical 
preparation of the inventive y 2 '-azobis- 

using al*yl — b : -r::-a "r^r^nne,. X, * 
polymerization can be done in « of 

underset - — ; ^ _ proceaur6 

The polymer of the invention can be represent 
following formula. 

-uVu a b -uVuV 

Herein „• stands for ^^^Z^Z^ 

£OI " S ') to si : U> stands tor recurring units of 
formulae a « » for reourrlng unlts of 

formulae (53) to (yuj. a 

i\ fc;i-5l The letters a to u ~ 
formulae (Si-1) to (Si 5). 

numbers satisfying 0 < a s 1 . 0 * b < 1 . 0 o < ^ 

. . preferably "a" is from more than u 
1. and a + b*c + d » 1. Prefer*, y 0 to 0 .5. 

, 0.9. more preferably from 0.2 to 0.8 b ^ 
more preferably from 0 to 0.3 o i «° ^ 
preferably from 0.1 to 0.6. and d is fro 

Prefer te%7i°;e°r preferably bas a weigbt average molecular 
s „eigbt of IbouT x.o'oo to about 500.000. and especially about 
3,000 to about 100,000. 
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S*^^^^ * the invention is suitable as a base 

The polymer of the ^ entl ° invention provid es 

reS in in a resist <^" M ' ™ above -described polymer. 
a resist composition comprising the above 

«o^ificallv the resist composition is deiine 
More specif icany, " , er as a base 

• the above-described polymer 

as comprising (A) the aoo orga nic solvent. 

/ -a \ =, nhotoacid generator. (C) an organx 
resin. (B) a photoa * ^ inhibitor having an 

and optionally (D) a dissoxux. 

acid labile group. (B) a basic compound and other 
components . 

Or g a n i c solvent (C) oraanic 
Th e organic solvent used ^J^."^, . 

— - — rso^n' ITnlUo/ana other 
photoacid 9 enerat ° r : i aiSS I ° 1 1 1 U ustratlve . non-limiting, 
components are soluble "^lol*-. Retones such as 
espies of the ^"".^^to-., alcohols such as 3- 

CyClt>h ~ 1 'letnyl- -methoxybutanol . l-methoxy-2- 
methoxybutanol = -^y ^ ^ propylene 

propanol. and ^ glycol mon omethyl ether 

'ether, xylene » r ! y^e glycol 

m onomethyl ether pyruvate . butyl acetate. 

5 acetate, ethyl ^^ate *Zl 3-ethoxyproplonate. tert- 
methyl ^-^"^p/oplonate. and propylene glycol 

ro^rrtiiTtLraL/ate. — r^r* 

alone or ethylene 
„ above organic solvents. ^ and etny l lactate 

glycol dimethyl ether, 1 ethoxy P ^ the reln. 

because the ^"^^ ~Ut. because it Is a 

propylene glycol monomethyl ether ac 
safe solvent, or a mixture thereof. 

SuttablHxa^leTof^ne photoacid generator (B) 

\ alts of formula (91) below, diazomethane 
include onium salts or ioj-iuu 
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* * r-mula (92) below, glyoxime derivatives of 
de rivatives of formu derivatives , disulfone 

formula (93) below. f> Xetosu . . vatives . sulfonic acid 

d erivatives , nitrobenzylsulf onat ^ at ^ _ 
ester derivatives, and imidoyl sulfonate 

(91) 

(R 24 ) b M + K- 

* R" is a straight, branched or cyclic 

in the formula, is a ^ ^ ^ 

alk yl of 1 to 12 carbon atoms an ary^ ^ ^ ^ 
atoms or an aralKyl of 7 tO cieophiiic and the 

or sulfonium; K is a 

letter b is 2 or 3 . represented by 

Illustrative examples of alKyl g 2 _ 

R 24 include methyl, ethyl. ^J^' ^ larY ary i 
oxocyclohexyl. norbornyl. and —Jr such as p- 

groups include P^^^^PI^I. e-xy- 
m ethoxyphenyl. m-methoxyphenyl toxyphenvl; and 

phenyl, p-tert-butoxyphenyl ™ - 

allcylphenyl groups such as 2 me y P 4 _ butyl _ 
4-methylphenyl. ethylphenyl, - * grQups 

phenyl, and dimethylphenyl * non . 

incl ude benzyl * K include halide 

nucleophilic co-t^ion P f iuoroalkylsulf on ate ions 

ions such as chloride a uoroethanesulf onate . and 

ss such as triflate. .1.1 ulfonate ions such as 

nonafluorobutanesulfonate e a ^ obenzenesulfonate , an d 

tosylate. benzenesulf onate . a ikylsulf onate 

! 2 3 4.5-pentafluorobenzenesulfonate. and 

ion s such as mesylate and 

II B 26 (92) 

R 25_ S o 2 -c-so 2 -R 
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, and R 26 are straight, branched or 

In the formula, R and k carb on 

atoms, aryl or nai a carb on atoms. 

ana R" inctuae ^1. propyl. -t y X. -,1. 
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Bxemplary halogenated ^_^ loro . t „ yl . an d nonafluoro- 

'• 1 ' 1 - trlfl " t "t; 1 groups include phenyl: alfcoxyphenyl 
butyl. Exemplary ary jro p thoxyphenyl . o-methoxy- 

gro ups such as p-meth enyl . and m-tert- 

pnenyl. *™°™™^Zyl gr oups such as 2-meth y lphenyl. 
butoxyphenyl; ana alkyipne y a . hvlt)henvl , 4-tert- 

butylphenyl. 4-butylpheny obenzene , chiorobensene. 

halogenated aryl groups xnclude f groups 
and i.2.3.4.5-pentafluoroben»ene. Exempl 
include benzyl and phenethyl. 



R 28 R 29 



I I V1 n ^ _r 27 (93) 
l 27 -S0 2 -0-N=C— C=N-0-S0 2 -K 

, „» R » and R 29 are straight . branched 
In the formula, R . R » an 
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25 



in the formula, k » «■ • 1 ~ 

carbon atoms, aryl or »« » ^ ^ ^ c arbon atoms. - 

carbon atoms, or aralkyl 9 Ioap * struo ture with the proviso 
and R» may together form a cyclrc struct ^ 
that if they form a cyclic structure, each is 
that it tney carbon atoms, 

branched alxylene group of 1 _ to halog enated aryl. 

The alKyl. hal ° genate *f*f Rl , a „d R" are 

a „d aralkyl groups represented by ^ ^ Rj . 

exemplified by the same groups anfl R „ inol ude 

Examples of alHylene groups ^^"TL ^ hexylene. 
methylene, ethylene, propylene, ^ylene ^ 
Illustrative examples of the pnu 

include: aiphe nyliodonium trif luoromethane- 

onxum salts such at- trifluoro- 
* m tert -butoxyphenyl )phenylxodonxuin trxrx 

sulfonate, (p-tert dut-o^f 4-r.iuenesulfonate. (P" 

me thanesulfonate. diphenylxodonxum P^^ fonatef 
t ert-butoxyphenyl)phenyliodonxum P" to1 — 

, ifnninm trifluoromethanesulfonate, ^P 
trxphenylsulf onxum tri " lu0 romethanesulf onate . 

butoxyphenyl) diphenylsulf onxum trxf ethane _ 
b i s(p -tert-butoxyphenyl)phenylsulfon^^ 

sulfonate . t r is ( p - ter t -butoxyphenyl ) sulf 
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— -.r-inhenvlsulfonium p-toluenesulfonate, (p- 

sulfonium butanesulf onate . trimethylsulf onxum t«^« 

n * trimethylsulf onium p-toluenesulf onate. 

methanesulfonate. trxmethyx , ., onlum trif luoromethane- 

v.- #« tni nenesulf onyl ) diazomethane , 
diazomethane, bis (p-toluenesuxx y , lfonyl) _ 

methane, bxs(sec buty lfonyl) diazomethane. 

sulfonyl) diazomethane. bxs(xsopr py fonyl) . 
bis (tert-butylsulf onyl) diazomethane. bxs(n amy 
d ia bisUsoa.ylsulfonylldia^etbane. 

methane. ana l-tert-amylsulfonyl-1 (tert D 

diazomethane; ,on^- 
glyoxime derivatives such as bis-O- (p-toluene 

, , f ™ hls-o- (p-toluenesulf onyl) -a- 
S ulfonyl)-a-dimethylgly°xime. bis O (P 

, , •„» bis-O- (p-toluenesulf onyl) -a-dicyclohexyl- 
° d rte Us O «P- lue esulfonyH-^-P-aneaioneglyoxi^ 
rroTpUolLnelulfonyM-Z-.etbyl-S^-pentanedione.lyoxi.e. 

bis -o-(n-butanesulfonyl)-a-ain,ethylglyoxin.e. bis-O- (»- 

butanesulfonyl)-a-di P henylglyoxi,«e. bis-O- (n-butane- 

n . ^ v,i o-o- (n-butanesulf onyl) - 
!5 sulfonyl>-a-dicyclobexylglyoxime. bis (n 

2.3-pentanedioneglyoxi.ne. bis-O- (n-butanesulfonyl, 
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3 , 4 -pentanedloneglyoxime . bis -0- (methanesulf onyl ) -a- 
dimethylglyoxime . bis -0- ( trif luoromethanesulf onyl ) -a- 
di-ethylglyoxime . bis -0- ( 1 . 1 . 1 - trif luoroethanesulf onyl ) -«- 
dimethylglyoxime. bis-0- (tert-butanesulf onyl, -a-dlmethyl- 
glyoxin-e . bis-0- (perfluorooctanesulf onyl, -a-di m ethylglyoxi m e . 
b is-0-<cyclohexanesulfonyl>-a-dlmethylglyoxime. bis-O- 
(b enzenesulfonyl)-a-di.»ethylglyoxime. bis-0- (p-f luoro- 
b enzenesulfonyl)-a-di,nethylglyoxime. bis-O- (p-tert-butyl- 
henzenesulf onyl) -a-dlmethylglyoxlme. bis-0- (xylenesulf onyl, - 
a-dimethylglyoxime. and bis-O-lcamphorsulfonyU-a-dimethyl- 
glyoxime ; 

p-ketosulfone derivatives such as 2-cyclohexyl- 
carbonyl-2-(p-toluenesulfonyl)propane and 2-isopropyl- 
carbonyl - 2 -( p- toluenesulf onyl ) propane ; 

disulfone derivatives such as diphenyl disulfone and 

Hi dicyclohexyl disulfone; 

nitrobenzyl sulfonate derivatives such as 2.6- 
dinitrobenzyl p- toluenesulf onate and 2 . 4-dinitrobenzyl p- 

toluenesulf onate; 

sulfonic acid ester derivatives such as 1.2,3- 
tris(methanesulfonyloxy)benzene. 1 . 2 . 3-tris( trif luoro- 
ethanesulf onyloxy) benzene . and 1 . 2 . 3-tris (p- toluene- 
sulfonyloxy) benzene; and 

imidoyl sulfonate derivatives such as phthalxmxdoyl 
trif late, phthalimidoyl tosylate, 5-norbornene-2 . 3- 

. ... trif i a te 5 -norbornene-2.3-dicarboxyxmidoyl 
dicarboxyimidoyl tntiate, o 

tosylate. and 5-norbornene- 2 . 3- dicarboxyimidoyl n- 
butylsulfonate.^ ^ ^ photoacla generators are onium 
salts such as triphenylsulfoniun, trif luoromethanesulf onate. 
< p -tert-butoxyphenyl>diphenylsulfonium trif luoromethane- 
sulfonate. tris<p-tert-butoxy P henyl,sulfonium trifluoro- 

.nethanesulfonate. triphenylsulfoniun P-" 1 ™"""^"-^ 
tert-butoxyphenylldiphenylsulfonium p-toluenesulfonate. and 
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trisCp-tert-tutoxyphenyDsulfoniump-toluenesulEonate, 

Ha Lthane aerivatives sue, as ^'^"^^I. 

sulf onyl) aia 2 on,ethane . bis ( n ^ UtylS ""°^ c butylsul£ony i) - 
bis (isobutylsulfonyDaiazome thane, bis (see butyl * 
aia o-thaL. bisU-propylsulfonyi.aiazo.nethane. bisUso 
p r0 pylsu 1 fonyl,aia 2 o,„ethane. a„a ^'^^^f ^ 
Lithane, ana g lyo*i m e aerivatives sucb as bis-0- ( P 
toluenesulfonyD-a-aimethylglyoxime ana bxs-O-tn- 
butanesulfonyl,-a-ai.»eth y i g lyoxi.ne. These *»«~" 

v. ,c=ori ctnalv or in combinatxons of two or 
„ ora tnr!! mav be used singiy «jx 

generators may effe ctive for improving 

mor : ^ lw ^^rt^r — - ^™ 

m : - I«eotive for reaucin. stanain. waves The 

Nation of an on!., salt »«* • ^77^ 
g lyo*in,e aerivative allows for fine aa 3 ust„ent of 

Pr0fll ; h e Pbotoacia generator is aaaea in an amount o* 0.2 
to „ part! by weight, ana ^J^^-J.^ « 

less than 0.2 parr. x.i ,-ivitv and resolution 

, , , „ 1 _ r . r . i ov7 and the sensitivity a«v* 
exposure would be too low ana wou ld 
are poo,, whereas the aaaition o, : .ore ban = ^parts _ ^ 
lower the transmittance of the resist an 

resolution • 

ni5^lu3LLQP-xata- inh 1^ t , or ( -Hi 

To the resist composition, a dissolution rate 

v. * Mt >a The dissolution rate inhibitor is a 

rrr-c^. .* rr r r: noii : 
TartbiT/a:;;: ir :: rs-^x-* ~~ 

a e rep lacea witb acia labile .roups or a co,npouna bavin, on 

are repla carb oxyl group, in which an 

the n,ole ^ Qf all the hyflrog en ato.s on the 

. =1° roups'are replacea with .^-o--^ — 
of formula (1). both the co.pounas having an average 
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™: r , h r r; r ^ o£ 

m ol%. ana preferaMy 8 J 1 *; ™* ^ Mlth aoia labi le 
«- hyar09e " at ° mS lea st 50 ll%. ano prefera.ly at 

^L"^. - sucn co,pou„ d s 
mor e phenolic h y «ox y l 9 roups or ™ «~ 

one carboxyl group include those of formulas (Dl) 



15 below. 

m 



4! Hq^^ H 3X (OH), 

f /=\ 9 H v=\ f i £ Jr OH ^ 



-J! 

fll 

tier 
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«!04^ sjodfos: sjd^s: 

(D5) 



(D4) 



(D6) 
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(D13) f 1314 ) 
in these formulas. n'» and R"» are each hydrogen or a 
straight or .ranched alKyl or aXKenyl of 1 to 8 carbon 
atoms; »~ is hydrogen, a straight or ^ I alKyX or _ 
allcenyl of 1 to 8 carbon atoms, or -(« >>-«*«• " 
,CH ) - (where i - 2 to XO). an arylene of 6 to XO carbon 
atoms', clrbonyl. suXfonyX. an oxygen atom, or a sulfur atom; 
R ™ is an aXKylene of X to XO carbon atoms, an « 
to XO carbon atoms. carbonyX. suXfonyl. an ™ " 
sulfur atom; R'«is hydrogen, a straight or branched al*yl 
or alkenyl of 1 to 8 carbon atoms, or a hydroxyl- substituted 
or alkenyl stralg ht or branched alkyXene 

phenyl or naphthyX; R is a straiyi 

of X to 10 carbon atoms; R"' is hydrogen or hydroxyl: the 
letter i is an integer from 0 to 5; u and h are each 0 or 1, 
sf tl. s2. t2. S3, and t3 are each numbers which satisfy 
sxltX 1 8. s2.t2 - 5. and s3 + t3 - 4. and are such that each 
phenyX sKeXeton has at least one hydroxyl group; and c. is a 
number such that the compounds of formula (».) or ,09, have 
a molecular weight of from 100 to 1.000. 

in the above formulas, suitable examples of R and 
R - include hydrogen, methyl, ethyl, butyl, propyl, ethynyl. 

J n _ jt p io3 include the same 

and cyclohexyl; suitable examples of R include 

groups as for R- and R»». as well as -COOH and -CH.COOH. 
suitable examples of R- include ethylene, phenylene , 
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™ and sulfur; suitable examples of 
rarbonyl, sulfonyl. oxygen, and suiiur, 

carbonyx, game groups as for R . 

r 105 include methylene as wen a» thvl 
in , „ O io6 1nc i u de hydrogen, methyl, etnyx. 

5 phenyl or naphthyl. 

str££ < E » - — * — acia 

capable or suppressing the rate of "^J 1 ^ ~ 
generated by the Photoacid ^^^^ compound 

hol ds down the rate °* ^ lt suppr esses 

re su"x„ g X " ^tlvity following exposure, thus reducing 

H C TZ*T2 £ i. nlent dependence, as well as proving 

^ substrate anu ^ . n _ fc pe for 

example. JP-A 5-232706. JF a 5 _ 289340) . 



O 20 

at 
ru 

3>SS. 



« H*«62 JP-A 5-257282. OP-A 5-289322. and .P-A 

* EX 'Jples of suitable basic compounds include primary . 

secondary, and tertiary ^ZrZZT 
arora atic amines. ^"^^^-^ 

compounds . hydroxyl gro p compounds . alcoholic 

hydroxyphenyl group-bearing -"^eno 

oogenous oo^ound ^^Ts are especially 
25 derivatives. Of these, a^f 

Pre£eI Bxlples of suitable primary aliphatic amines include 
.mine. 

rutria-r'dl^ntylaline. dicyclopentylamine . dihexylamine . 
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anine - "ri™y^:e. "ri-sec-Jyiamine. — - 

amine. triheptylamine . trioctylamine. trinonylamine^ 
trldecylamine. ^amirt^^ 
""^"ir: hT - rametnyltetraetnylenepentamine. 

examine, metnylethylpropylamlne . »enzy ™" 
amine, and b enzyldimet h ylamine. Examples of suit -M- 
aromatic and heterocyclic amines include aniline 
, „ aniline N-methylaniline . N-ethylamline. N propy 
niline H « dimetnylaniline. 2 -met*ylaniline 3-metnyl- 
aniline 4-methylaniline. ethylaniline . propylamine 
rrimethylaniline. 2-nitroaniline. 3-nltroanilme . 4-mtro 

aniline. 

t^r-^l^-L- diamine p.enylene- 

diaiiL. -^^rn^^-- 

derivatives (e.g., pyrrole, zn yy N . me thvl- 
2.4-dimetnylpyrrole. 2. .-dlmetfcylpyrro e n d » me t^^ _ 

pyrrole), oxazole derivative, , e^g «.» othlazole , . 

thiazole derivatives (e.g.. th "*°^ 4 . me thylimidazole. 

imidazole derivatives (e.g.. imidazole. 4 * 
, and 4-met t ,yl-2-p l ,e n ylimidazole>. pyrazole ™™ ne 

furazan derivatives, pyrroline derivatives (e.g.. pyrrol 

and Lmetnyl-l-pyrroline,. pyrrolidine ^^1^-' ' 

pyrrolidine. N-methylpyrrolidine. ^.^^ J^ 

metnylpyrrolidone,. imidazoline 
. derivatives, pyridine Natives e g ^ 

pyridine, ethylpyridine . propylpyndine U £J* a±ne 
(l-butylpentyl)pyridine. dimethylpyndine . trimethylpy 
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triethylpyriaine. phenylpyridine . 3-methyl-2-phenylpyrldxne. 
4-tert-butylpyridine. diphenylpyridine. benzylpyrxdxne . 
methoxypyridlne. butoxypyridine. dimethoxypyrldxne 1 - 
methyl-2-pyridine. 4-pyrrolidinopyridine. l-methyl-4-phenyl- 
pyridine. 2 -(l-ethylpropyl>pyridine. aminopyridine and 
aimethylaminopyridine, . pyridazine derivatives P^" 
derivatives, pyrazine derivatives, pyrazolxne 
pyrazolidine derivatives, piperidine derxvatxves. pxperazxne 
derivatives, choline derivatives, indole derivatives . 
isoindole derivatives. XH-indazole derivatives, indoline 
aerivatives. guinolxne derivatives (e.g.. quinolxne and 3- 
quinolinecarbonitrile). isoqulnoline derivatives, cxnnolxne 
derivatives, qulnazoline derivatives, quxnoxaline 
derivatives, phthalazine derivatives, purine ^"'"^ 
pteridine derivatives, carbazole derivatives, phenanthrxaxne 
derivatives, acridine derivatives, phenazine derivatives. 
! 10 -phenanthroline derivatives, adenine derivatives . 
adenosine derivatives, guanine derivatives, 
aerivatives. uracil derivatives, and uridxne derxvatxves. 

Examples of suitable carboxyl group-bearxng 
nitrogenous compounds include amxnobenzoic acid. 
carboxylic acid, and amino acid derivatives (eg. nicotinic 
acid, alanine, alginine. aspartic acid, glutamic acxd 
glycine, bistldine. isoleuoine. glycylleucine. leucxne. 
methionine, phenylalanine, threonine, lysine. ™o- 
pyrazine-2-carboxylxc acid, and methoxyalanxne) . Examples 
of suitable sulfonyl group-bearing nitrogenous compounds 
include 3-pyridinesulfonic acid and pyrldinlum P-"*™*- 
sulfonate. Examples of suitable hydroxyl group-bearxng 
, nitrogenous compounds, hydroxyphenyl group-bearxng 

' nxtroge alcoholic nitrogenous compounds 

nitrogenous compounds, and axconoxii. 5. 

include 2-hydroxypyridlne. aminocresol. 2 . 4-quxnolxnedxol . 

indole-thanol hyarate. monoethanolamine . 
triethanolamine. N-ethyldiethanolamine. N.N-axethylethanol 
5 amine, triisopropanolamine. 2.2-iminoaiethanol 2-amino- 
ethanol. 3-amino-l-propa„ol. 4-amino-l-butanol 4-(2- 
hyaroxyethyllmorpholine. 2-(2-h y aroxyethyl)pyrxaxne. l-(2 
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hydroxyethyl) piper azine, 1- [ 2- ( 2-hydroxyethoxy)ethyl] - 
piperazine. piperidine ethanol. 1- ( 2 -hydroxyethyl) - 
pyrrolidine . 1 - ( 2 -hydroxyethyl ) - 2 -pyrrolidinone , 3 - 
piperidino-1 . 2 -propanediol, 3 - pyrrolidine -1 , 2 -propanediol , 
8 -hydroxy julolidine, 3-quinuclidinol. 3-tropanol. 1 -methyl - 
2-pyrrolidine ethanol. 1-aziridine ethanol. N- ( 2 -hydroxy- 
ethyl ) phthalimide , and N- ( 2 -hydroxyethyl ) isonicotinamide . 
Examples of suitable amide derivatives include formamide, N- 
methylformamide, N , N-dimethylf ormamide , acetamide. N-methyl- 
acetamide. N. N- dime thylacet amide , propionamide . and 
benzamide. Suitable imide derivatives include phthalimide, 
succinimide. and maleimide. 

In addition, basic compounds of the following general 
formulas (94) and (95) may also be included. 

CH 2 CH 2 O(R 201 O) x R 204 

N-CH 2 CH 2 O(R 202 O) Y R 205 (94) 
CH 2 CH 2 O(R 203 O) z R 206 



CH 2 CH 2 O(R 207 O) x R 209 

N-CH 2 CH 2 O(R 208 O) Y R 210 ( 95 > 
H 

In the formulas, R 201 , R 202 . R 203 . R 207 and R 208 are 
independently straight, branched or cyclic alkylenes of 1 to 
20 carbon atoms; R 20 \ R 205 . R 206 • R 209 and R 210 are hydrogen, 

— 204 „ _ j D 205 r>205 

alkyls of 1 to 20 carbon atoms, or amino; R ana k , k 
and R 206 . R 204 and R 206 , R 204 with R 205 and R 206 . and R 209 and R 210 
may bond together to form rings; and X, Y and Z are each 
integers from 0 to 20. with the proviso that hydrogen is 
excluded from R 204 , R 205 . R 206 • R 209 and R 210 when X. Y and Z are 
equal to 0 . 

*, * V™ TD201 r>202 p203 p 207 

The alkylene groups represented by R , k , k , k 
and R 208 preferably have 1 to 20 carbon atoms, more 
preferably 1 to 10 carbon atoms, and most preferably 1 to 8 



carbon atoms. Examples include methylene, ethylene, n- 
propylene, isopropylene, n-butylene. isobutylene, n- 
pentylene, isopentylene, hexylene, nonylene, decylene, 
cyclopentylene, and cyclohexylene . 

The alkyl groups represented by R 204 , R 20S , R 206 , R and 
R 210 preferably have 1 to 20 carbon atoms, more preferably 1 
to 8 carbon atoms, and most preferably 1 to 6 carbon atoms, 
and may be straight, branched or cyclic. Examples include 
methyl, ethyl, n-propyl, isopropyl, n -butyl', isobutyl, tert- 
butyl, n-pentyl, isopentyl, hexyl, nonyl. decyl. dodecyl, 
tridecyl, cyclopentyl, and cyclohexyl. 

Where R 204 and R 205 , R 20S and R 206 , R 204 and R 206 , R 204 with 
R 205 and R 206 , and R 209 and R 210 form rings, the rings preferably 
have 1 to 20 carbon atoms, more preferably 1 to 8 carbon 
atoms, and most preferably 1 to 6 carbon atoms, and may have 
branching alkyl groups of 1 to 6 carbon atoms, and 
especially 1 to 4 carbon atoms. 

X, Y, and Z are each integers from 0 to 20. preferably 
from 1 to 10, and more preferably from 1 to 8 . 

Illustrative examples of the compounds of formulas 
(94) and (95) include tris{ 2- (methoxymethoxy ) ethyl} amine, 
tris { 2 - ( methoxyethoxy ) ethyl } amine , t r is [ 2 - { ( 2 -me thoxy- 
ethoxy )methoxy}ethyl] amine . tris{ 2- ( 2 -methoxyethoxy) - 
ethyl} amine. tris{ 2- ( 1 -methoxyethoxy) ethyl} amine , tris{2-(l- 
ethoxye thoxy ) ethyl } amine , tr is { 2 - ( 1 - e thoxypropoxy ) - 
ethyl } amine , tris [ 2 - { ( 2 -hydroxyethoxy ) ethoxy }ethyl ] amine , 
4,7,13,16.21,2 4 -hexaoxa- 1.10- diazabicyclo [8.8.8] hexacosane , 
4,7,13, 18-tetraoxa-l , 10 - diazabicyclo [ 8 . 5 . 5]eicosane, 
1.4,10, 13-tetraoxa-7 , 16-diazabicyclooctadecane , 1-aza- 12- 
crown-4, l-aza-15-crown-5, and 1 -aza- 18-crown-6 . Especially 
preferred basic compounds are tertiary amines, aniline 
derivatives, pyrrolidine derivatives, pyridine derivatives, 
quinoline derivatives, amino acid derivatives, hydroxyl 
group-bearing nitrogenous compounds, hydroxyphenyl group- 
bearing nitrogenous compounds, alcoholic nitrogenous 
compounds, amide derivatives, imide derivatives, tris{2- 
( methoxymethoxy) ethyl }amine, tris{ 2- ( 2 -methoxyethoxy) - 
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ethyl } amine . t r is [ 2 - { ( 2 -methoxye thoxy ) methyl } ethyl ] amine , 
and l-aza-15-crown-5 . 

The above -described basic compound may be used singly 
or in combinations of two or more thereof, and is preferably 
formulated in an amount of 0.01 to 2 parts by weight, and 
especially 0.01 to 1 part by weight, per 100 parts by weight 
of all the base resins. At less than 0.01 part, the desired 
effects of the basic compound would not be apparent, while 
the use of more than 2 parts would result in too low a 
sensitivity. 

The resist composition of the invention may include 
optional ingredients, typically a surfactant which is 
commonly used for improving the coating characteristics. 
Optional ingredients may be added in conventional amounts so 
long as this does not compromise the objects of the 
invention. 

Nonionic surfactants are preferred, examples of which 
include perf luoroalkylpolyoxyethylene ethanols , fluorinated 
alkyl esters, perf luoroalkylamine oxides, and fluorinated 
organosiloxane compounds. Useful surfactants are 
commercially available under the trade names Florade FC-430 
and FC-431 from Sumitomo 3M Co., Ltd.. Surflon S-141, S-145. 
S-381 and S-383 from Asahi Glass Co.. Ltd., Unidyne DS-401. 
DS-403 and DS-451 from Daikin Industry Co., Ltd.. Megaface 
F-8151. F-171. F-172, F-173 and F-177 from Dai-Nippon Ink & 
Chemicals. Inc., and X-70-092 and X-70-093 from Shin-Etsu 
Chemical Co., Ltd. Preferred surfactants are Florade FC-430 
from Sumitomo 3M K.K. and X-70-093 from Shin-Etsu Chemical 
Co . , Ltd. 

Pattern formation using the resist composition of the 
invention may be carried out by a known lithographic 
technique. For example, the resist composition is applied 
onto an organic film on a substrate such as a novolac film 
of about 0.1 to 10.0 \mi thick on a silicon wafer by spin 
coating or the like to form a resist film having a thickness 
of 0.1 to 1.0 urn, which is then pre-baked on a hot plate at 
60 to 200° C for 10 seconds to 10 minutes, and preferably at 



80 to 150- C for 30 seconds to 5 minutes. A patterning mask 
having the desired pattern is then placed over the resist 
film and the film is exposed through the mask to an 
electron beam or high-energy radiation having a wavelength 
of up to 300 nm such as deep-UV, an excimer laser, or x-rays 
in a dose of about 1 to 200 mJ/cm 2 . and preferably about 10 
to 100 mJ/cm 2 , then post-exposure baked (PEB) on a hot plate 
at 60 to 150° C for 10 seconds to 5 minutes, and preferably 
at 80 to 130" C for 30 seconds to 3 minutes. Development is 
then carried out using as the developer an aqueous alkali 
solution, such as a 0.1 to 5% (preferably 2 to 3%) aqueous 
solution of tetramethylammonium hydroxide (TMAH) , this bexng 
done by a conventional method such as dipping, puddling, or 
spraying for a period of 10 seconds to 3 minutes, and 
preferably 30 seconds to 2 minutes. These steps result in 
the formation of the desired pattern on the substrate. Of 
the various types of high-energy radiation that may be used, 
the resist composition of the invention is best suited to 
micropattern formation with, in particular. deep-UV rays and 
excimer laser light having a wavelength of 254 to 120 nm, 
especially KrF excimer laer of 248 nm or ArF excimer laser 
of 193 nm. x-rays, and an electron beam. The desired 
pattern may not be obtainable outside the upper and lower 
limits of the above range. 

in the developing step, the exposed area of the resist 
film is dissolved away until the underlying organic film is 
exposed. Then the exposed area of the organic film is 
conventionally processed with an oxygen plasma generated by 
a dry etching apparatus . 

The resist composition comprising the polymer of the 
invention as a base resin is sensitive to high-energy 
radiation and has excellent sensitivity and resolution at a 
wavelength of less than 300 nm, and high resistance to 
oxygen plasma etching. Because of these advantages, the 
resist composition is suited for bi-layer resist and easily 
forms a finely defined pattern having sidewalls 
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perpendicular to the substrate. The resist composition 
lends itself to micropatterning for the fabrication of VLSIs, 

EXAMPLE 

Synthesis Examples and Examples are given below 
together with Comparative Examples for further illustrating 
the invention although the invention is not limited thereby. 
The abbreviations used have the following meaning. THF for 
tetrahydrofuran. Me for methyl, Et for ethyl, NMR for 
nuclear magnetic resonance, Mw for weight average molecular 
weight, and Mn for number average molecular weight. 

Silicon-containing monomers were synthesized according 
to the following procedures. 

p ypi-^i.c: B ™mpi ft l-l- Synthesis of Monomer 1 

A flask was charged with 36.5 g of magnesium and 350 
ml of THF. to which a solution of 184 g of chloromethyl- 
trimethylsilane diluted with 2 50 ml of THF was added 
dropwise at 50°C. The addition was followed by one hour of 
stirring at 65°C, after which 66.1 g of acetaldehyde was 
added dropwise below 20°C. After one hour of stirring at 
room temperature, an aqueous solution of ammonium chloride 
was added for hydrolysis. Ordinary post- treatments yielded 
158.7 g (yield 70%) of l-trimethylsilyl-2-propanol. 

in 500 ml of methylene chloride was dissolved 119.8 g 
of l-trimethylsilyl-2-propanol. To the solution under ice 
cooling. 91.6 g of triethylamine was added dropwise. and 
113.5 g of methacryloyl chloride then added dropwise. The 
solution was stirred for 5 hours at room temperature. Water 
was added to the reaction mixture, followed by ordinary 
post -treatments. Upon vacuum distillation, there was 
obtained 135.9 g (yield 75%) of 1-trimethylsilyl- 2 -propyl 
methacrylate (Monomer 1). 
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Boiling point: 75-77°C/l . 33xl0 3 Pa 

*H-NMR (270 MHz , CDC1 3 ) O: 0.03 (s. 9H) . 0.87-1.14 (m, 
2H). 1-28 (d, 3H). 1.92 (s. 3H) . 5.04-5.16 (m. 1H) , 5.51 (m, 

1H), 6.05 (m, 1H) 

IR: 2956, 2898, 1716, 1637. 1317, 1295. 1251, 1168, 

1132, 1124, 863, 838 cm- 1 

synthftsls Ev«mple 1-2: Synthesis of Monomer 2 

As in Synthesis Example 1-1. l-trimethylsilyl-2-propyl 
5-norbornene-2-carboxylate (Monomer 2) was synthesized. 



s ynthA S j S E^n,m ft 1-3: Synthesis of Monomer 3 

As in Synthesis Example 1-1, 1-trimethylsilyl- 2 -propyl 
8- tetracyclo [ 4 . 4 . 0 . 1 2 5 . 1 710 ] dodecene-3-carboxylate (Monomer 
15 3) was synthesized. 

pym-h^fiis Bv^m plR 1-4 : Synthesis of Monomer 4 

As in Synthesis Example 1-1, p- ( 1-trimethylsilyl- 2- 
propoxy)styrene (Monomer 4) was synthesized. 



ffr^^" Bvamryle 1-5: Synthesis of Monomer 5 

A flask was charged with 27.9 g of magnesium and 250 
ml of THF. to which a solution of 135 g of chloromethyl- 
trimethylsilane diluted with 150 ml of THF was added 
> 5 dropwise at 50°C. The addition was followed by one hour of 
stirring at 65°C. after which 98.1 g of cyclohexanone was 
added dropwise below 20°C. After one hour of stirring at 
room temperature, an aqueous solution of ammonium chloride 
was added for hydrolysis. This was followed by ordinary 
30 post- treatments. Upon vacuum distillation, there was 

obtained 141.6 g (yield 76%) of 1-trimethylsilylmethylcyclo- 

hexanol . 

Boiling point: 60-62°C/66.6 Pa 

1 H-NMR (270 MHz , CDC1 3 ) O: 0.06 (s, 9H) . 0.95 (s. 2H) , 
35 1.24 (s. 2H), 1.43-1.59 (m. 10H) 
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IR: 3471. 2933. 2859. 1448. 1247. 968, 948, 863. 838 



cm" 1 



□ 

& 15 1H) 



■tip 
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In 50 ml of methylene chloride was dissolved 10.0 g of 
1-trimethylsilylmethylcyclohexanol. To the solution under 
ice cooling, 7.8 g of methacryloyl chloride was added 
dropwise, and 9.8 g of triethylamine then added dropwise. 
The solution was stirred for 20 hours at room temperature. 
Water was added to the reaction mixture, followed by 
ordinary post - treatments . Upon vacuum distillation, there 
was obtained 10.8 g (yield 79%) of 1- trimethylsilylmethyl - 
cyclohexyl methacrylate (Monomer 5). 

Boiling point: 78-81°C/53.3 Pa 

l H-NMR (270 MHz, CDC1 3 ) a: 0.16 (s, 9H) , 1.12-1.65 (m, 
10H). 1.91 (t. 3H). 2.25-2.32 (m, 2H) , 5.48 (m, 1H) . 6.03 (m. 



35 



IR: 2933, 2859, 1712, 1637, 1326, 1309. 1249, 1178, 
1159, 1126, 858, 840 cm" 1 



pyr^.gis Example 1-6: Synthesis of Monomer 6 
□ 20 As in Synthesis Example 1-5, 1-trimethylsilylmethyl- 

cyclohexyl 5-norbornene-2-carboxylate (Monomer 6) was 
synthesized. 



p yT ^h~gi R Example 1 -2: Synthesis of Monomer 7 

As in Synthesis Example 1-5. 1-trimethylsilylmethyl- 
cyclohexyl p-vinylphenoxyacetate (Monomer 7) was synthesized. 

c y^-cH* Example 1- 8: Synthesis of Monomer 8 

A flask was charged with 14.6 g of magnesium and 120 
ml of THF. to which a solution of 67.5 g of chloromethyl- 
trimethylsilane diluted with 70 ml of THF was added dropwise 
at 50°C. The addition was followed by one hour of stirring 
at 65°C. after which 42.1 g of cyclopentanone was added 
dropwise below 20°C. After one hour of stirring at room 
temperature, an aqueous solution of ammonium chloride was 
added for hydrolysis. This was followed by ordinary post- 
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treatments. Upon vacuum distillation, there was obtained 
70.6 g (yield 82%) of l-trimethylsilylmethylcyclopentanol . 

In 160 ml of methylene chloride was dissolved 34.5 g 
of i-trimethylsilylmethylcyclopentanol. To the solution 
under ice cooling. 29.3 g of methacryloyl chloride was added 
dropwise. and 30.4 g of triethylamine then added dropwise. 
The solution was stirred for 20 hours at room temperature. 
Water was added to the reaction mixture, followed by 
ordinary post-treatments. Upon vacuum distillation, there 
was obtained 39.9 g (yield 83%) of 1- 

trimethylsilylmethylcyclopentyl methacrylate (Monomer 8). 

g ynth ftfi i S F^mpl ft 1-9; Synthesis of Monomer 9 

As in Synthesis Example 1-8. 1 -trime thy Is ilylmethyl- 
cyclopentyl 5-norbornene-2-carboxylate (Monomer 9) was 
synthesized. 

^ ynthP. fi j fi F. y a n,m ft 1-10: Synthesis of Monomer 10 

A flask was charged with 300 ml of a THF solution of 
1M methylmagnesium chloride, to which 17.4 g of ethyl 3- 
trimethylsilylpropanoate was added dropwise below 50°C. The 
solution was stirred for one hour at room temperature, after 
which an aqueous solution of ammonium chloride was added for 
hydrolysis. This was followed by ordinary post- treatments . 
Upon vacuum distillation, there was obtained 14.1 g (yield 
88%) of 2-methyl-4-trimethylsilyl-2-butanol. 
Boiling point: 85-88°C/3 . 33xl0 3 Pa 

J H-NMR (270 MHz, CDC1 3 ) O: 0.00 (s, 9H) , 0.45-0.51 (m, 
2H), 1.18 (s, 6H), 1.36-1.44 (m, 3H) 

IR: 3378, 2954, 2921, 2900. 1376, 1247. 1186. 904, 885, 

863, 835 cm" 1 

In 50 ml of methylene chloride was dissolved 9.5 g of 
2-methyl-4-trimethylsilyl-2-butanol. To the solution under 
ice cooling, 9 . 8 g of methacryloyl chloride was added 
dropwise. and 12.0 g of triethylamine then added dropwise. 
The solution was stirred for 20 hours at room temperature. 



-36- 



Water was added to the reaction mixture, followed by 
ordinary post-treatments. Upon vacuum distillation, there 
was obtained 11.2 g (yield 83%) of 2-methyl-4-trimethyl- 
silyl-2-butyl methacrylate (Monomer 10). 

Boiling point: 71-73°C/3 . 33xl0 2 Pa 

*H-NMR (270 MHz. CDC1 3 ) O: 0.00 (s. 9H) . 0.44-0.51 (m. 
2H), 1.45 (s. 6H). 1.68-1.75 (m. 2H) . 1.89 (s, 3H) . 5.45 (m. 

1H). 5.98 (m. 1H) 

IR: 2954. 2929, 1714. 1639. 1332, 1302. 1249. 1168. 

1147. 1126. 862, 835 cm 1 

F T r ^«i B Kxamnle 1-1 1: Synthesis of Monomer 11 

As in Synthesis Example 1-10, 2-methyl-4-trimethyl- 
silyl-2-butyl 5-norbornene-2-carboxylate (Monomer 11) was 
synthesized . 

Cyn ^ c -j g Kvamme 1-12: Synthesis of Monomer 12 

A flask was charged with 9.82 g of magnesium and 150 
ml of THF, to which a solution of 43.5 g of 1. 4 -dibromo - 
butane diluted with 50 ml of THF was added dropwise at 50°C. 
The solution was stirred for one hour at 65°C, after which 
23.5 g of ethyl 3-trimethylsilylpropionate was added 
dropwise below 50°C. The solution was stirred for one hour 
at room temperature, after which an aqueous solution of 
ammonium chloride was added for hydrolysis. This was 
followed by ordinary post- treatments . Upon vacuum 
distillation, there was obtained 23.6 g (yield 94%) of l-(2- 
trimethylsilylethyl ) cyclopentanol . 

Boiling point: 71-72°C/53.3 Pa 

1 H-NMR (270 MHz , CDC1 3 ) O: 0.00 (s, 9H) , 0.50-0.57 (m. 



2H) 



1.29 (s. 1H), 1.48-1.67 (m. 8H) , 1.72-1.87 (m. 2H) 



IR: 3372, 2954, 1247, 1245, 991. 896, 862. 836 cm" 
in 60 ml of methylene chloride was dissolved 12.0 g of 
l-(2-trimethylsilylethyl)cyclopentanol. To the solution 
under ice cooling. 11.8 g of methacryloyl chloride was added 
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dropwise, and 14.3 g of triethylamine then added dropwise. 
The solution was stirred for 20 hours at room temperature. 
Water was added to the reaction mixture, followed by 
ordinary post -treatments . Upon vacuum distillation, there 
was obtained 14.0 g (yield 85%) of l-(2- 

trimethylsilylethyl)cyclopentyl methacrylate (Monomer 12). 
Boiling point: 74-75°C/40.0 Pa 

1 H-NMR (270 MHZ. CDC1 3 ) O: 0.16 (s. 9H) , 1.12-1.65 (m, 
10H), 1.91 (t. 3H), 2.25-2.32 (m. 2H) , 5.48 (m, 1H) . 6.03 (m. 
1H) 

IR: 2933, 2859. 1712. 1637, 1326. 1309, 1249. 1178. 
1159, 1126, 858, 840 cm' 1 

c ynt ^ Q -j g F. y „mme 1-13: Synthesis of Monomer 13 

As in Synthesis Example 1-12, 1- ( 2-trimethylsilyl- 
ethyl ) cyclopentyl 8 - 1 etracyclo [4.4.0. 1 2 ' 5 . 1 7 ' 10 ] dodecene- 3 - 
carboxylate (Monomer 13) was synthesized. 

The following monomers (Monomers 14 to 20) were 
synthesized by analogous reaction or well-known reaction 
procedures . 

e yrr H~ c -j g Kvamnle 1-14: Synthesis of Monomer 14 

l-trimethylsilylmethyl-4.4-dimethyl-4-silacyclohexyl 

methacrylate 

Q yr^.gjg Ey ^pn^. 1-15: Synthesis of Monomer 15 

p-(l-trimethylsilylmethyl-4,4-dimethyl-4-silacyclo- 

hexyloxy ) styrene 

p v r ^ c jg Ryamnle 1-16 : Synthesis of Monomer 16 

l-trimethylsilylmethyl-3 , 3 . 5 , 5-tetramethyl-3 , 5- 
disilacyclohexyl methacrylate 

c^ t^c-jg F. y ~™ r i» n-17: Synthesis of Monomer 17 

l-trimethylsilylmethyl-3.3-dimethyl-3-silacyclopentyl 

p-vinylphenoxyacetate 
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pym-tmsls E^piA 1-18: Synthesis of Monomer 18 

l-trimethylsilylmethyl-3 . 3 -dimethyl- 3 -silacyclohexyl 

acrylate 

B ynth ftB i s Ev ^n,pi ft 1-19: Synthesis of Monomer 19 

l-trimethylsilylmethyl-2 . 2.4.4.6. 6-hexamethyl-2 , 4,6- 
trisilacyclohexyl 5-norbornene-2-carboxylate 

g ym-riABis E ^mpl ft 1-20: Synthesis of Monomer 20 

1 - ( 2 - triethylsilylethyl ) cyclopentyl 8 - tetracyclo- 
[4.4.0. 1 2 ' 5 . 1 710 ] dodecene-3-carboxylate 
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A silicon-containing polymer was synthesized according 
to the following procedure. 



PynthP.i. Example 2- 1 » Synthesis of Polymer 1 

in 100 ml of THF were dissolved 12.0 g of Monomer 1 
and 6.8 g of 2-oxo-2 . 3 . 4 . 5-tetrahydrofuran-3-yl methacrylate . 
Then 1.6 g of 2 . 2 • -azobisisobutyronitrile was added thereto. 
.0 The solution was stirred for 15 hours at 60°C and then added 
O dropwise to 2 liters of n-hexane. The resulting solids were 

| collected by filtration, washed with 1 liter of n-hexane, 

H and vacuum dried at 40°C for 6 hours, obtaining 11.8 g of a 

R polymer shown below as Polymer 1 . The yield was 63% . On GPC 

' is analysis using a polystyrene standard, it had a Mw of 10.000 
and a polydispersity (Mw/Mn) of 1.80. 

Polymers 2 to 23 were synthesized by similar or well- 
known procedures . 
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Polymer 1 

c = 0.6 d = 0.4 

Mw = 10000 Mw/Mn = 1.80 



SiMe 3 



Polymer 2 

c = 0.5 d = 0.5 

Mw = 6000 Mw/Mn = 1.75 




SiMe 3 



Polymer 3 

c = 0.5 d = 0.5 

Mw = 5000 Mw/Mn = 1.65 





SiMe 3 



Polymer 4 

c = 0.4 d = 0.6 

Mw = 12000 Mw/Mn = 1.80 



Polymer 5 

c = 0.6 d = 0.4 

Mw = 10500 Mw/Mn = 1.85 




SiMe 3 



OH 



Polymer 6 

c = 0.5 d = 0.5 

Mw = 6050 Mw/Mn = 1.80 




SiMe, 
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Polymer 7 

c = 0.3 d = 0.7 

Mw = 10500 - Mw/Mn = 1.80 




Polymer 8 

c = 0.6 d = 0.4 

Mw = 10800 Mw/Mn = 1.65 




OH 



SiMe-, 



Polymer 9 

c = 0.5 d = 0.5 

Mw = 8000 Mw/Mn = 1.85 



Polymer 10 

c = 0.6 d = 0.4 

Mw = 12500 Mw/Mn = 1.65 
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Polymer 11 

c = 0.5 d = 0.5 

Mw = 8000 Mw/Mn = 1.83 




SiMe 3 



m 

w 
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Polymer 12 

c = 0.6 d = 0.4 

Mw = 10500 Mw/Mn = 1.80 



A 





SiMe ? 



Polymer 13 

c = 0.5 d = 0.5 

Mw = 5000 Mw/Mn = 1.82 




SiMe 3 



Polymer 14 

c = 0.6 d = 0.4 

Mw = 11000 Mw/Mn = 1.75 



-43- 



Polymer 15 

c = 0.3 d = 0.7 

Mw = 12000 Mw/Mn = 1.81 




OH 



SiMe 3 



Polymer 16 

c = 0.6 d = 0.4 

Mw = 10400 Mw/Mn = 1.80 



Polymer 17 

c = 0.3 d = 0.7 

Mw = 11200 Mw/Mn = 1.86 





OH 



SiMe^ 



Polymer 18 

c = 0.6 d = 0.4 

Mw = 11300 Mw/Mn = 1.68 




SiMe^ 



Polymer 19 



c = 0.5 d = 0.5 

Mw = 8600 Mw/Mn = 1.82 



Me N^ s 



SiMe 3 
Me 



Me Me 



Polymer 20 

c = 0.5 d = 0.5 

Mw = 6200 Mw/Mn = 1.76 



=o 



O 




SiEt q 



Polymer 21 . 

c = 0.6 d = 0.4 

Mw = 10200 Mw/Mn = 1.65 



■fH. 




SiMe q 



Polymer 22 

c = 0.6 d = 0.3 e = 0.1 
Mw = 8700 Mw/Mn = 1.82 




SiMe 3 O- 7 
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Polymer 23 

c = 0.6 d = 0.3 e = 0.1 

Mw = 8200 Mw/Mn = 1.80 





Me^ Me 




Me Me 
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Resist compositions within the scope of the invention 
were examined for resolution upon KrF excimer laser exposure. 

5 pim ples i-9r ; Resist resolution 

Resist solutions were prepared by dissolving Polymers 
1 to 23 of the above formulae as the base resin, a photoacid 
generator (designated as PAGl or 2). a basic compound (TBA. 
TEA or TMMEA), and a dissolution rate inhibitor (designated 
as DRIl or 2) in PGMEA containing 0.01% by weight of 
surfactant Florade FC-430 (Sumitomo 3M) . followed by 
filtration through a Teflon filter (pore diameter 0.10 urn). 




+ CF 3 S0 3 " 




+ CF 3 SOV 



PAG1 



PAG2 




SiMe3 
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TBA: tributylamine 
TEA: triethanolamine 
TMMEA : trismethoxymethoxyethylamine 
PGMEA: propylene glycol monomethyl ether acetate 

On silicon wafers, lower resist films of 0.5 urn thick 
were formed by applying novolac resist material OFPR-800 
(Tokyo Ohka Kogyo Co.. Ltd.) and heating at 300°C for 5 
minutes for curing. Antiref lection films of 55 nm thick 
were formed thereon by spin coating DUV-30 (Brewer Science) 
and baking at 100°C for 30 seconds and then at 200°C for 60 
seconds . 

On the cured DUV-30/novolac resist /silicon wafer, the 
resist solutions were spin coated, then baked on a hot plate 
at 100° C for 90 seconds to give resist films of 0.2 \m thick, 
is Using a KrF excimer laser stepper (Nikon Corporation, NA 
W 0.60), the resist films were exposed. The resist films were 

baked (PEB) at 110° C for 90 seconds and then developed with 
a 2.38% aqueous solution of tetramethylammonium hydroxide, 
obtaining positive patterns . 

The sensitivity of the resist was the exposure dose 
(mJ/cm 2 ) which provided a 1:1 line-to-space ratio in a 0.20 
urn line-and-space pattern. The resolution of the resist was 
the minimum line width (urn) of the lines and spaces that 
separated at this dose. 
25 Using a parallel plate sputter etching apparatus TE- 

8500 by Tokyo Electron Co.. Ltd.. the resist films were 
etched with an etchant, oxygen gas under the following 
conditions . 

Oxygen gas flow rate: 0.05 1/min 
30 Gas pressure: 1.3 Pa 

RF power: 50 W 
DC bias: 450 V 

The lower resist film was etched at a rate of 150 
nm/min whereas the inventive resist film was etched at a 
rate of 15 nm/min. After 2 minutes of etching, those 
portions of the lower resist film which were not covered 
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with the inventive resist film disappeared completely, 
leaving a bi- layer resist pattern having a thickness o 

|im. 

The evaluation results of the resists are shown 
Table 1 . 



-48- 



TRble 1 



Example 


Resin * 
(pbw) 


>hotoacid 
[enerator 
(pbw) 


Basic E 
(pbw) 


)issolution 

rate £ 
inhibitor 
(pbw) 


Solvent i 
(pbw) 


Sensitivity I 
(mJ/cm ) 


resolution 


1 


Polymerl 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


26 


0. 16 


2 


Polymer2 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


20 


0.17 


3 


Polymer3 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


28 


0.17 


4 


Polymer4 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


20 


0.17 


5 


Polymers 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


30 


0.17 


6 


Polymer6 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


27 


0. 16 


7 


Polymer 7 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


20 


0.17 


8 


Polymers 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


28 


0. 17 


9 


Polymer9 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


30 


0. 18 


10 


PolymerlO 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


32 


0. 18 


11 


Polymerl 1 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


35 


0. 19 


12 


Polymerl 2 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


28 


0. 17 


13 


Polymerl 3 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


32 


0. 18 


14 


Polymerl4 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


26 


0. 16 


15 


Polymerl 5 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


19 


0.18 


16 


Polymerl6 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


24 


0. 16 


17 


Polymerl7 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


17 


0.17 


18 


Polymerl 8 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


26 


0.16 


19 


Polymerl9 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


24 


0. 17 


20 


Polymer20 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


29 


0.18 


21 


Polymer 21 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


27 


0.16 


22 


Polymer22 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


25 


0.16 


23 


Polymer 2 3 
(80) 


PAG1 (2) 


TBA (0.1) 




PGMEA 
(1000) 


29 


0.17 


24 


Polymerl 
(80) 


PAG 2 (2) 


TBA (0.1) 




PGMEA 
(1000) 


17 


0 . 16 


25 


Polymerl 
(70) 


PAG1 (1) 


TBA (0.1) 


DRI1 (10) 


PGMEA 
(1000) 


24 


0.16 


26 


Polymerl 
(70) 


PAG1 (1) 


TBA (0.1) 


DRI2 (10) 


PGMEA 
(1000) 


23 


0.16 


27 


Polymerl 
(80) 


PAG1 (1) 


TEA (0.1) 




PGMEA 
(1000) 


28 


0.16 


28 


Polymerl 
(80) 


PAG1 (1) 


TMMEA (0.2 


) 


PGMEA 
(1000) 


30 


0.16 



As is evident from Table 1, the resist compositions 
within the scope of the invention exhibit a high sensitivity 
and resolution upon KrF excimer laser exposure. 

Japanese Patent Application No. 2000-293858 is 
5 incorporated herein by reference. 

Although some preferred embodiments have been 
described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to 
be understood that the invention may be practiced otherwise 
.0 than as specifically described without departing from the 
scope of the appended claims . 



n 

m 
ui 

in 

hi s 



III 

si 



-50- 



